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Helicobacter pylori and Epstein-Barr virus infection and the p53 tumour suppressor pathway in gastric stump cancer compared with carcinoma in the non-operated stomach Inge 0 Baas, Bastiaan P van Rees, Alex Musler, Mike E Craanen, Guido N J Tytgat, Frank M van den Berg, G Johan A Offerhaus Abstract Aim-To evaluate similarities and differences between gastric stump cancer and conventional carcinoma in the nonoperated stomach. Methocds-26 stump carcinomas were compared with 24 conventional stomach cancers. Stage, histological type, and demographics were comparable in the two groups. Expression of p53 and p21-Wafl/ Cipl was evaluated by immunohistochemical staining. Helicobacter pylori infection was evaluated by examining haematoxylin-eosin stained slides and immunohistochemistry.
Epstein-Barr virus infection was evaluated by RNA in situ hybridisation. Results-Expression of p53 and p21-Wafl/ CipI was similar in both groups and positive in more than half of the patients. H pylori infection was observed in six stump carcinomas and 17 conventional carcinomas in the intact stomach (p < 0.01). RNA in situ hybridisation (EBERI-ISH) for Epstein-Barr virus was positive in nine stump carcinomas and two carcinomas in the non-operated stomach (p < 0.05). Conclusions-There appear to be aetiological differences between stump carcinoma and cancer in the intact stomach. Further study of these differences may improve our understanding of gastric carcinogenesis in general. (7ClinPathol 1998 ;51:662-666) Keywords: stomach; gastric stump; carcinoma; p53; Hpylori; Epstein-Barr virus Despite its declining incidence, gastric cancer remains an important cause of death in the western world.' 2 The prognosis of gastric carcinoma is poor, because most patients present in an advanced stage when the disease is symptomatic.3 Patients with early gastric cancer have an excellent prognosis and can be detected by surveillance of high risk groups. 4 The natural history of the disease is not well established. Of the two distinctive types of stomach cancer, the one that is thought to be governed by environmental factors, which is referred to as intestinal type of gastric cancer,5 is best understood. The intestinal type of gastric cancer is preceded by a precancerous process, characterised by precursor lesions of the gastric mucosa. These precursor lesions represent the morphological substrates of a multistep tumour progression model in which there is an interplay between oncogene activation and loss of tumour suppressor function, similar to the adenoma-carcinoma sequence in the colorectum. 7 8 Remote partial gastrectomy is a premalignant condition.9 10 After peptic ulcer surgery, patients enter an accelerated neoplastic process that looks very similar to that proposed for the intestinal type of gastric cancer in the nonoperated stomach. There is a steady increase in the gastric cancer risk with increasing length of the postoperative interval." In the long term after partial gastrectomy, atrophy with intestinal metaplasia and dysplasia becomes more frequent and these changes resemble the precursors of the intestinal type of stomach cancer.'2 13 Also the cell proliferation kinetics of the premalignant mucosa in the gastric remnant are similar to those observed in the non-operated stomach. '4 Therefore we have postulated that gastric stump cancer could provide a suitable model to study the molecular genetics of gastric carcinogenesis in general. 1 The specific molecular changes accompanying the gastric dysplasia-carcinoma sequence are less well defined than in the colorectum.7 8 1618 Alterations of the p53 tumour suppressor gene, associated with the transition of an in situ into an invasive neoplasm in the colorectum, probably plays a similar role in the stomach.'9 20 Disruption of the p53 protein function can be detected by immunohistochemistry, since it is mostly accompanied by a prolonged half life of the protein.2' Wild-type p53 protein, but not the mutant p53 protein, binds specifically to DNA and acts as a transcription factor for several genes, including p2 1-Wafl/Cip 1, a potent cyclin dependent kinase inhibitor that controls progression through the cell cycle.22 23 Immunohistochemistry for expression of p21-Wafl/ Cip 1 therefore forms another indicator of the integrity of the p53 tumour suppressor pathway, even though its expression appears not exclusively dependent on intact p53 function. 24 25 Helicobacter pylori infection is a well established carcinogenic factor in the non-operated stomach, but its role in carcinogenesis in the gastric remnant is unknown, and has not been studied in detail. 7 a role in gastric carcinogenesis, particularly in gastric stump cancer."" In addition, binding of one of the EBV encoded proteins to p53 has been found to inactivate this tumour suppressor pathway.30
In the present study we have compared gastric stump cancer with stomach cancer in the non-operated stomach for these various genotypic and phenotypic molecular markers (p53, p21-Wafl/Cipl, H pylori, EBV) to further explore the possible similarities and differences between these two types of tumour.
Methods
Twenty six stump cancers from the Amsterdam postgastrectomy cohort-of which 10 were detected by the screening programme-were available for study.3' 32 These were compared with 24 conventional gastric cancers in the non-operated stomach, which had a similar stage (early carcinoma defined as limited to the mucosa or submucosa) and a comparable morphology according to the Lauren classification.5 The patients' age was the same in the two groups, but there was a male predominance among the stump carcinomas compared with the primary cancers. The demographic and other features are listed in table 1. Importantly, carcinomas of the cardia were not included in the study, and all the pri- All subsequent steps were performed at room temperature and washing in between steps was done with PBST (phosphate buffered saline, 0.05% Tween20). Cover slips were slid off by gently submerging the sections sideways in PBST, and sections were then rinsed thoroughly in PBST. Endogenous peroxidase activity was blocked with 0.3% H202 in PBST containing 1% sodium azide for 15 minutes.
The fluorescein label of the hybridised probe molecules was detected by subsequent incubation for 30 2) .
H PYLORI DETECTION
Assessment for the presence of H pylori was done by histopathological examination of the H&E stained sections. To enhance the sensitivity of our study we subsequently performed immunohistochemistry on cases that were negative for H pylori. Antigen enhancement was done by boiling in 0.1 M sodium citrate (pH 6.0) for 10 minutes. The B 471 polyclonal rabbit anti-H pylori antibody (Dako) was used as a primary antibody. Subsequently, the sections were incubated with biotinylated swine anti-rabbit secondary antibody and avidin biotinylated horseradish peroxidase complex (both Dako). Finally, staining was done with DAB as a chromogen.
STATISTICS
Comparison of frequencies among the different groups was tested for statistical significance by a conventional Fisher's exact test. Statistical significance levels were set at 5% (two sided).
Results
The results of our analyses are summarised in table 2. p53 Immunohistochemistry was positive in 14 stump carcinomas (54%) and 14 conventional carcinomas (58%) (fig 1) Cip 1 immunohistochemistry was positive in 20 stump carcinomas (77%) and 17 conventional stomach cancers (71%). There was no inverse correlation between p53 positivity and p21-Wafl/Cip 1 expression in any of the two groups, nor was a correlation present with tumour type or extension of the tumour and immunohistochemistry for p53 or p2 1-Wafl/Cip 1.
The prevalence of H pylori was significantly (p < 0.01) greater in conventional stomach cancers (17 positive cancers, 71 %) than in the stump carcinomas (six positive carcinomas, 23%).
Non-radioactive RNA in situ hybridisation for EBV was positive in nine stump carcinomas (35%) and two conventional stomach carcinomas (8%) (p <0.05) (fig 2) . The staining was in general strongly positive, with a specific nuclear pattern limited to the epithelial tumour cells. There was heterogeneity, with only parts of the tumour strongly positive. The two EBV positive conventional cancers were an early and an advanced carcinoma; both occurred in male patients. The EBV positive stump cancers comprised eight early and one advanced carcinoma. One EBV positive early stump cancer occurred in a female patient. The other EBV positive stump carcinomas (seven early and one advanced) occurred in male patients. None of the EBV positive carcinomas was a typical lymphoepithelioma, but in some cases there was a relatively dense infiltrate (fig 2) . There was no correlation between p53 positivity and EBV positivity (table 3) .
Discussion
Although the numbers in the present study are relatively small, the results suggest similarities between the group of stump carcinomas and conventional stomach cancers, but more importantly also a few remarkable differences. The two groups were matched as closely as possible for tumour type and stage to avoid confounding, and the demographics of the two gi,oups were comparable. Cardia carcinomas were excluded from the study because they may form a separate entity among stomach carcinomas.
The p53 tumour suppressor pathway is often involved in stomach tumour formation.20 Expression of the p53 protein detected by immunohistochemistry indicates an altered gene product that is more stable, and positivity was the same in the two groups of carcinomas. This suggests, but does not prove, that molecular tumour suppressor pathway-lends support to this notion. 24 33 It is our experience that immunohistochemistry suffices as a first screening test and on the basis of the results one can then decide to do further analyses.2' However, sequencing of the p53 gene would be needed for precise comparison of the molecular genetic changes in p53 in the two groups.
H pylori infection was initially assessed by evaluation of the available H&E stained slides of the gastric stump cancers and primary gastric carcinomas. This obviously is not the optimal assessment of differences in infection rate between the two groups and such differences should be interpreted cautiously. Negative cases were, however, also stained immunohistochemically against Hpylori and only a few extra positives were found, which did not change the comparison between the two groups. Bile reflux may provide an explanation for the observed low prevalence of H pylori in the stomach epithelium bordering stump carcinomas (table 2) . Bile salts seem to have a bactericidal effect on H pylori and after a Billroth resection H pylori disappears rapidly from the gastro-enterostoma. 34 Since the role of H pylori in the carcinogenesis of the intact stomach has now been accepted, a possible difference at the gastro-enterostoma anastomosis-a well established premalignant condition-is intriguing and needs further study.
Epstein-Barr virus involvement in gastric carcinoma has been demonstrated previously by the presence of EBV genome and EBV encoded small RNA (EBER) in the carcinoma cells, monoclonal proliferation of EBV infected carcinoma cells, and raised antibody titres.229 Our study shows that the prevalence of EBV involvement among gastric carcinomas may be more prominent in gastric remnant cancer, and this has been suggested before.27 Whether this implies a direct causal relation cannot be concluded from these results, however. It might be that the virus infection is related to the baseline disease (previous peptic ulcer) for example and not to cancer. Further research will be necessary to clarify this question. In situ hybridisation for EBER1 applied to paraffin sections revealed 35% positivity in stump cancers versus 8% in primary cancers. The presence of EBV in the carcinoma cells implies that the EBV encoded EBNA-5 protein (alternatively designated EBNA-LP), which can form a molecular complex with the p53 30 tumour suppressor protein, may cause a prolonged lifespan of wild type p53 in the EBV infected stump carcinomas, resulting in positive p53 immunohistochemistry. However, in confirmation of published observations26 and as shown in table 3, p53 positivity was not correlated with EBV positivity in stump carcinomas. Previous reports on involvement of EBV in carcinogenesis in the gastric stump were from studies performed in Taiwan and Japan.26.29 To our knowledge this study is the first to establish an increased prevalence of EBV in gastric stump cancers in the western world, suggesting that EBV infection is a global phenomenon, independent of geographical area. The question of why EBV preferentially infects (premalignant) stomach epithelial cells in the vicinity of the Billroth junction of stomach and duodenum remains obscure. One possible explanation may be bile reflux into the stomach which could act as a cofactor mediating EBV infection of the epithelial cells, for instance by inducing fusion of EBV carrying B cells and epithelial cells. There was no correlation with tumour type.
The EBV positive carcinomas were predominantly of the early type, which is consistent with previous observations that EBV infection perhaps occurs early in carcinogenesis. As in previous reports, in our present study EBV positivity was strongly correlated with gender, all positive cases except one being males. Although there was a more striking male predominance in the stump carcinoma group, it seems unlikely that this gender difference could be the sole explanation of our observations.
In summary then, two important differences were observed between gastric stump carcinomas and conventional primary stomach cancers. Hpylori infection, which is associated with the occurrence of cancer in the intact stomach, appears rare near the anastomosis of the gastric remnant, the site prone to carcinogenesis. In contrast, EBV infection appears more common in gastric stump cancer, not only in Asian countries, but in the western world as well. Further studies of these differences may help us gain a better understanding of gastric carcinogenesis in general.
